A duplex PCR assay targeting the ail and 16S rRNA genes of Yersinia enterocolitica was developed to specifically identify pathogenic Y. enterocolitica from pure culture. Validation of the assay was performed with 215 clinical Yersinia strains and 40 strains of other bacterial species. Within an assay time of 4 h, this assay offers a very specific, reliable, and inexpensive alternative to the conventional phenotypic assays used in clinical laboratories to identify pathogenic Y. enterocolitica.
States. Only one pathogenic serotype, i.e., O:5,27, seemed to have a global spread from the very beginning. Since the early 1980s, however, the distinction between "American" and "nonAmerican" strains has been fading (5, 9, 31) .
Of the six biotypes of Y. enterocolitica, five (biotypes 1B, 2, 3, 4, and 5) are considered pathogenic in humans (4, 9, 18) . Strains of these pathogenic biotypes contain markers associated with virulence, and these are located on the chromosome and on the pYV virulence plasmid (10, 18) .
The sequence of events following ingestion of virulent Y. enterocolitica strains that ultimately leads to multiplication in underlying tissues and entrance into the bloodstream starts with adherence to and invasion of intestinal epithelial cells (preferentially from the ileum). These first steps of infection require at least two chromosomal factors, called ail (attachment invasion locus) and inv (invasion). The inv gene is present in virulent as well as nonvirulent strains of Y. enterocolitica, whereas the ail gene is found only in the pathogenic serotypes of Y. enterocolitica (18, 19) . The mode of action of the ail product, Ail, which is an outer membrane protein, has not been elucidated so far.
Expression of both plasmid and chromosomal genes is required for Y. enterocolitica virulence (18, 24) . However, the plasmid has been shown to be difficult to maintain during laboratory culture, which would increase the chances of obtaining a false-negative result (8, 13) . Consequently, plasmid pYV is not an ideal DNA target for the detection of pathogenic Y. enterocolitica strains. The chromosomal ail gene, however, has been shown to be a stable virulence marker limited to only invasive and, thus, pathogenic strains of Y. enterocolitica (10) . Accordingly, amplification of ail-specific sequences by diagnostic PCR can be used for the unambiguous identification of invasive Y. enterocolitica strains. Miller et al. (20) elucidated the nucleotide sequence of the Y. enterocolitica ail gene in 1990. Besides the ail primers, we included in the PCR mixture a second primer set, based on the Y. enterocolitica 16S rRNA gene, for species identification. In this report, we describe the development of a rapid and sensitive duplex PCR assay that is specific for the detection of pathogenic Y. enterocolitica.
MATERIALS AND METHODS
Bacterial species and culture conditions. A total of 215 clinical strains belonging to eight different species of the genus Yersinia were studied along with 40 non-Yersinia strains ( Table 1 ). The isolates were selected from the bacterial collection of the National Institute of Public Health and the Environment (Bilthoven, The Netherlands). Of the Yersinia strains tested, about 70% were of human origin, whereas the remaining 30% originated from animals (mainly pigs). Furthermore, 15 Yersinia type (reference) strains were selected from the collections of the Institut Pasteur (National Reference Laboratory and World Health Organization Collaborating Center for Yersinia, Paris, France) and the University of Louvain (Brussels, Belgium) ( Primer design. Two primer sets (primers A1 and A2 and primers Y1 and Y2) were used in the multiplex PCR assay. Primers A1 (5Ј-TTA ATG TGT ACG CTG GGA GTG-3Ј) and A2 (5Ј-GGA GTA TTC ATA TGA AGC GTC-3Ј), directed against the Y. enterocolitica ail gene, were deduced from sequences in the EMBL database (EMBL accession number M29945). On the basis of this sequence, a PCR product of 425 bp was expected. To specifically amplify the Y. enterocolitica 16S rRNA gene, a second primer set, recently published by Neubauer et al. (21), Y1 (5Ј-AAT ACC GCA TAA CGT CTT CG-3Ј) and Y2 (5Ј-CTT CTT CTG CGA GTA ACG TC-3Ј), was used, resulting in a PCR product of 330 bp.
PCR conditions. Precautions were taken to use sterile reagents and conditions wherever possible. Each 25-l PCR mixture contained ail-specific primers at a concentration of 160 nM and the Y. enterocolitica 16S rRNA-specific primers at a concentration of 80 nM; dATP, dCTP, dGTP, and dTTP each at a concentration of 200 M; 0.5 U of SuperTaq Polymerase (Sphaero-Q, Leiden, The Netherlands); 1ϫ PCR buffer (the buffer was supplied at 10ϫ), and 2 l (i.e., 20 ng) of DNA sample. Amplification was performed in a Primus 96 Plus thermal cycler (MWG-Biotech, Ebersberg, Germany). Cycling conditions started with a denaturation step at 94°C for 5 min, which was followed by 36 subsequent cycles consisting of heat denaturation at 94°C for 45 s, primer annealing at 62°C for 45 s, and extension at 72°C for 45 s. A final extension was performed at 72°C for 7 min to complete the synthesis of all strands. The PCR products were visualized on 1.5% agarose gels stained with ethidium bromide.
RESULTS
A duplex PCR approach was used for the detection of pathogenic Y. enterocolitica. The first primer pair (the A1-A2 primer pair) was used to amplify a 0.43-kb fragment of the ail gene, found exclusively in pathogenic Y. enterocolitica strains, whereas the second primer pair (the Y1-Y2 primer pair) amplified a 0.33-kb fragment of the 16S rRNA gene exclusively of the Y. enterocolitica species (Fig. 1) . The entire test could be completed in 4 h, including the DNA extraction step.
Theoretical detection limit of PCR. In order to determine the sensitivity of the assay, chromosomal DNA from Y. entero- 
DISCUSSION
The objective of the present study was to design a sensitive and specific single-reaction PCR assay for the detection of pathogenic Y. enterocolitica strains and to use the assay as a diagnostic tool for the rapid typing of pure yersinial cultures.
The Y1-Y2 primer pair differentiated Y. enterocolitica from a broad spectrum of both Yersinia and non-Yersinia bacteria. The A1-A2 primer pair intrinsically differentiated pathogenic from nonpathogenic Y. enterocolitica bacteria. About 40% of the Y. enterocolitica isolates used in the present study had previously been subjected to tissue culture invasion (TCI) testing by Goverde (9) ; the results showed a 100% correlation between invasiveness and the serotypes associated with disease. This was in agreement with the results obtained by Miller and colleagues (18, 19) and strongly supports the hypothesis that the TCI ϩ phenotype corresponds to in vivo pathogenicity. By our PCR method, in contrast to fluorogenic PCR assays, no post-PCR data analysis is needed. Both primer sets were able to detect Y. enterocolitica in pure culture at a limit of 5 fg of chromosomal DNA, demonstrating that conventional PCR can be as sensitive as fluorogenic PCR (11, 12) . Compared to the nonfluorogenic ail PCR of Harnett et al. (11) , the detection limit of our PCR seems to be superior (1 pg versus 5 fg of DNA).
The duplex PCR assay provides a more rapid means of accurate identification of pathogenic Y. enterocolitica than present standard methods (i.e., biotyping combined with serotyping), which are time-consuming and laborious. Use of the duplex PCR would significantly reduce the amount of time required to identify pathogenic Y. enterocolitica strains and can be used directly after primary selective culture of this pathogen, with the biotyping and serotyping steps omitted, if necessary.
The (rare) presence of a homologous ail locus has been suggested in strains of Y. pseudotuberculosis (19) . Therefore, it cannot be excluded that in our duplex PCR the ail product was found, while no 16S rRNA PCR product appeared. Unfortunately, there are insufficient sequence data for Yersinia spp. other than Y. enterocolitica to prove that they may harbor the ail gene or a version of it (12) . None of the 10 Y. pseudotuberculosis strains tested in our study gave a PCR product with the ail-specific primer set. Some small differences in amino acid composition at the ail locus between the American and non-American serotypes have been discussed (9, 11) and could in theory interfere with primer annealing. Nevertheless, the duplex PCR described in this report is able to unambiguously identify both American and non-American pathogenic Y. enterocolitica strains.
Thus far, only separate 16S rRNA gene and ail gene PCRs have been described for Y. enterocolitica (11, 12, 21, 25 sible to omit these steps, and therefore, the assay can save time. To our knowledge, this is the first time that a PCR assay that makes use of combined primer sets for both Yersinia species identification and detection of pathogenicity has been described. In summary, the duplex PCR assay described in this report appears to be a useful tool for the rapid, sensitive, and specific detection of pathogenic Y. enterocolitica. In addition, it can be applied in each laboratory with PCR facilities, even without prior biotyping and serotyping.
